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Data collection 

Oxford Diffraction Xcalibur 
Sapphire3 diffractometer 

Absorption correction: multi-scan 
(CrysAlis PRO; Oxford 
Diffraction, 2009) 
Tna,, = 0.692, r max = 1.000 



Refinement 

R[F 2 > 2a(F 2 )] -- 
wR(F 2 ) = 0.132 
S = 1.05 
4344 reflections 



0.045 



9038 measured reflections 
4344 independent reflections 
3498 reflections with / > 2a(I) 
R<„, = 0.027 



291 parameters 

H-atom parameters constrained 
Ap max = 0.24 e A~ 3 
A/> mi „ = -0.32 e A~ 3 
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R factor = 0.045; wR factor = 0.132; data-to-parameter ratio = 14.9. 



In the title 1/2 adduct, C 10 H 8 N 2 -2C 7 H 6 O 2 S, the dihedral angle 
between the pyridine rings is 18.41 (11)°. In the thiophene- 
acrylic acid molecules, the dihedral angles between the 
respective thiophene and acrylic acid units are 5.52 (17)° 
and 23.92 (9)°. In the crystal, the components are linked via 
O— H- • N hydrogen-bonding interactions, forming units of 
two 3-thiopheneacrylic acid molecules and one 4,4'-bipyridine 
molecule. 

Related literature 

For the synthesis and in vitro antibacterial activity of oxazo- 
lidines, see: Srivastava et al. (2008). For crystal engineering co- 
crystal and polymorph architectures, see: Friscic & MacGil- 
livray (2009); Eccles et al. (2010). For the supramolecular 
construction of molecular ladders, see: Gao et al. (2004); 
MacGillivray et al. (2008); Friscic & MacGillivray (2005). For 
C— H- • O hydrogen bonds in supramolecular design, see: 
Desiraju (1996) and for C— H- ■ -it interactions in crystal 
engineering, see: Desiraju (2002). 



Table 1 

Hydrogen-bond geometry (A, °). 




Experimental 



Crystal data 

doHgN^CyHfsOjS 
M, = 464.54. 
Triclinic, PI 
a = 7.3454 (5) A 
b = 10.7319 (8) A 
c = 15.0196 (11) A 
a = 102.518 (6)° 
P = 103.648 (6)° 



y = 94.892 (6)° 

V = 1111.54 (14) A 3 

Z = 2 

Cu Ka radiation 
fi = 2.46 mm -1 
T = 293 K 

0.37 x 0.15 x 0.10 mm 



D-H-A 


D—H 


H- ■ A 


D-A 


D-H-A 


02-H2-N1 1 


0.82 


1.86 


2.668 (2) 


168 


04-H4.4- ■ N2" 


0.82 


1.87 


2.684 (2) 


174 


Symmetry codes: (i) x - 


r l,y,z; (if 


)x-l,y,z. 







Data collection: CrysAlis PRO (Oxford Diffraction 2009); cell 
refinement: CrysAlis RED (Oxford Diffraction, 2009); data reduc- 
tion: CrysAlis RED; program(s) used to solve structure: SHELXS97 
(Sheldrick, 2008); program(s) used to refine structure: SHELXL97 
(Sheldrick, 2008); molecular graphics: ORTEP-3 (Farrugia, 1997); 
software used to prepare material for publication: publCIF (Westrip, 
2010) and PLATON (Spek, 2009). 

The authors are grateful to the University Sophisticated 
Instrument Center (USIC), University of Delhi, Delhi, India, 
for providing the single-crystal X-ray diffractometer facility. 
They also thank the Department of Science & Technology for 
financial support. 

Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: SI2368). 
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4,4'-Bipyridine-3-(thiophen-3-yl)acrylic acid (1/2) 
P. Rajakannu, F. Hussain and M. Sathiyendiran 

Comment 

Supramolecular synthons that are based upon hydrogen bonds represent a prototypal tool for crystal engineering (Desiraju, 
1996; 2002). Supramolecular heterosynthons formed from pyridine/ amide and carboxylic acids have previously been ex- 
ploited for liquid crystalline materials, two-dimensional beta networks, two-dimensional corrugated sheets and ternary 
supramolecules (MacGillivray et ai, 2008; Gao et al, 2004; Friscic & MacGillivray, 2005; 2009). Recently, pharmaceutical 
molecules such as aspirin, rac-ibuprofen, and rac-flurbiprofen form heterosynthons with ditopic pyridine donors. Herein, 

we report co-crystal 1 synthesized and characterized by FT — IR, UV-Vis, H-NMR spectroscopy, EA, DSC, and TGA. 

The co-crystal 1 of the 2:1 adduct of 3-thiopheneacrylic acid with 4,4'-bipyridine was obtained by layering methanolic 
solution of 4,4'-bipyridyl to the methanolic solution of 3-thiopheneacrylic acid at room temperature. Each 3-thiopheneac- 
rylic acid molecule forms a moderate intermolecular O — H - N bond with pyridine (Table 1). The 4,4'-bipyridine molecule 
in the adduct is non-planar with the two pyridine rings forming a dihedral angle of 18.41 (11)°. The two thiophene and 
the bipyridine are not coplanar and the dihedral angles between the SI thiophene/Nl pyridine and S2 thiophene/ N2 pyrid- 
ine are 30.14 (11)° and 47.64 (7)°, respectively. The heterosynthon extends to one-dimensional latterane like sheets held 

together by moderate n-n stacking interactions (Fig. 2). The Cgl-Cg2 u distance (between the N1,C8-C12 and N2,C13-C17 
4,4'-bipyridine moieties) and the dihedral angle between pyridine planes a are 4.1411 (13)A and 18.4 (1)°, respectively. 
[Symmetry code ii: (-l+x,y,z). 

Experimental 

All starting materials and products were found to be stable towards moisture and air. Starting materials such as 4,4'-bipyridyl 
(bpy) and 3-thiopheneacrylic acid (taa) were procured from commercial sources and used as received. Commercial grade 
solvents e.g. methanol was used as received further purification. The mixture of 1 :2 ratio of 4,4'-bipyridyl (100. 1 mg, 0.6409 
mmol) and 3-thiopheneacrylic acid (197.8 mg, 1.2828 mmol) in methanol was stirred for 3 h at room temperature. The 
clear solution was obtained by filtration and that solution was kept at room temperature for several days. The white colored 
crystals were obtained. Yield: 83% (248.3 mg, 0.5344 mmol). Anal. Calcd for C24H20N2O4S2: C, 62.05; H, 4.34; N, 6.03; 

S, 13.8. Found: C, 60.93; H, 4.13; N, 5.87; S, 12.93. ! H NMR (CDCI3,): 8.72 (dd, /= 4.7 Hz, 4H, H a , bpy), 7.71 (d, J 

= 1.54 Hz, 2H, H 4 , taa), 7.53 (dd, /= 4.7 Hz, 4H, H P , bpy), 7.47 (dd,/ = 1.32 Hz, 2H, H 1 , taa), 7.29 (m, 4H, H 2 ' 3 , taa), 

6.20 (d, J= 15.44 Hz, 2H, H 5 , taa). 

Refinement 

All H atoms were placed in geometrically calculated positions and refined using a riding model, with C — H = 0.95-1.00 
A and C/ iso (H)=1.2Ueq(C). 
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Fig. 1. ORTEP view of the molecule with thermal ellipsoids drawn at 50% probability level 
Color code: White: C; red: O; blue: N; grey: H; yellow:^ 

Fig. 2. One-dimensional latterane like sheet formed though n-n stacking interactions between 
the two neighboring heterosynthons. 



Fig. 3. Synthesis of co-crystal of 4,4'-bipyridine and di(3-thiopheneacrylic acid) 



4,4'-bipyridine-3-(thiophen-3-yl)acrylic acid (1/2) 



Crystal data 

Ci 0 H 8 N2-2C 7 H 6 O2S 
M r = 464.54 
Triclinic, PI 
Hall symbol: -P 1 
a = 7.3454 (5) A 
6= 10.7319 (8) A 
c= 15.0196 (11) A 
a = 102.518 (6)° 
(3= 103.648(6)° 
y = 94.892 (6)° 
V= 1111.54 (14) A 3 

Data collection 

Xcalibur, Sapphire3 
diffractometer 

Radiation source: fine- focus sealed tube 
graphite 

Detector resolution: 15.9853 pixels mm" 1 
co scans 

Absorption correction: multi-scan 
(CrysAlis PRO; Oxford Diffraction, 2009) 

r min = 0.692, r max = l.ooo 

9038 measured reflections 



Z = 2 

F(000) = 484 

D x = 1.388 MgnT 3 

Cu Ka radiation, X = 1 . 54 1 84 A 

Cell parameters from 325 1 reflections 

6 = 3.1-72.9° 

li = 2.46 mm 1 
7=293 K 
Plate, white 
0.37x0.15x0.10 mm 



4344 independent reflections 

3498 reflections with / > 2a(7) 
= 0.027 

Qmax — 72.1 , 9 mjn — 3.1 

h = -8^9 
Jt = -13-»12 
/= 18^13 



Refinement 



Refinement on F 



Least-squares matrix: full 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
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R[F 2 > 20(^)1 = 0.045 

wR(F 2 ) = 0.132 

S= 1.05 

4344 reflections 
291 parameters 
0 restraints 



Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w = l/[o 2 (F 0 2 ) + (0.0658P) 2 + 0.2003P] 

where P = (F 0 2 + 2F 2 )/3 

(A/o) max < 0.001 

Ap max = 0.24eA" 3 

Apmi„ = -0.32 e A~ 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement ofF 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , convention- 

2 2 2 

al i?-factors R are based on F, with F set to zero for negative F . The threshold expression of F > o(F ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters 





X 


y 


z 


II- *IJJ 


CI 


0.0548 (3) 


0.0002 (2) 


-0.17354 (15) 


0.0547 (5) 


HI 


0.0689 


-0.0528 


-0.1316 


0.066* 


C2 


0.1988 (3) 


0.08388 (19) 


-0.17968 (13) 


0.0439 (4) 


C3 


0.1338 (3) 


0.1521 (2) 


-0.25031 (15) 


0.0542 (5) 


H3 


0.2120 


0.2136 


-0.2645 


0.065* 


C4 


-0.0525 (3) 


0.1183 (2) 


-0.29432 (16) 


0.0611 (6) 


H4 


-0.1172 


0.1531 


-0.3420 


0.073* 


C5 


0.3899 (3) 


0.09887 (19) 


-0.12014(13) 


0.0447 (4) 


H5 


0.4097 


0.0504 


-0.0753 


0.054* 


C6 


0.5392 (3) 


0.1746 (2) 


-0.12320 (14) 


0.0479 (4) 


H6 


0.5262 


0.2230 


-0.1681 


0.058* 


C7 


0.7262 (3) 


0.18356 (19) 


-0.05652 (14) 


0.0467 (4) 


C8 


0.2956 (3) 


0.2219 (2) 


0.08555 (15) 


0.0559 (5) 


H8 


0.2325 


0.1394 


0.0762 


0.067* 


C9 


0.4852 (3) 


0.2485 (2) 


0.13424 (15) 


0.0508 (5) 


H9 


0.5459 


0.1850 


0.1574 


0.061* 


C10 


0.5840 (3) 


0.36980 (18) 


0.14838 (13) 


0.0429 (4) 


Cll 


0.4821 (3) 


0.4604 (2) 


0.11311 (16) 


0.0571 (5) 


Hll 


0.5412 


0.5437 


0.1213 


0.069* 


C12 


0.2929 (3) 


0.4253 (2) 


0.06605 (17) 


0.0610 (6) 


H12 


0.2273 


0.4872 


0.0432 


0.073* 


C13 


0.7889 (3) 


0.40367 (18) 


0.19703 (13) 


0.0430 (4) 


C14 


0.8822 (3) 


0.3308 (2) 


0.25474 (15) 


0.0537 (5) 


H14 


0.8163 


0.2593 


0.2646 


0.064* 
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Atomic displacement parameters (A 2 ) 
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— U.UU40 (1U) 


n nn 1 a (\ n\ 
— U.UU14 (1U) 


a ivn i /i i \ 
U.UUZ1 (1 1J 


poo 

czz 


n nion n n~\ 
u.u3yu (iu) 


A AC "7/C /I T\ 

U.Uj /o (1Z) 


A A/1 CI /1 A\ 

U.U4J3 (1U) 


A AAQ7 /Q\ 

u.uu3 / (y) 


U.UU30 (5 ) 


A A 1 A A /A\ 

u.ui^u j 


CZ3 


U.U4U0 (1 1 J 


A A*r 1 0/1 -2\ 

U.UolZ (13) 


a ac cq (\ y\ 
U.UJjy (1Z) 


u.uuzj (y) 


a nnnn ax\ 
u.uuuu (y ) 


A A1 /I A\ 

U.UloZ 




U.U3 / I (1U) 


A n^CO / 1 /I \ 

U.UooZ (14) 


A AC71 (\ OA 

U.Uj / I (1Z) 


A AAO/1 {Q\ 

u.uuz4 (y) 


u.uuz/ (y) 


A A') /I o nA\ 


<J1 


n n/i ^n (st\ 
U.U4oU (o ) 


u.u / /y (ii) 


U.Uooo (1U) 


A AA CQ f~l\ 

u.uujy ( /) 


n nn 1 o a\ 
— U.UU1Z (/) 


A A1QQ /A\ 

u.u^yy (y j 


<JZ 


n ni on /'OA 

U.U3oy (o ) 


u.uooy (iu) 


n ncn^ ( 1 1 \ 
U.UoUo (11) 


— U.UU40 ( /) 


— U.UUoo ( /) 


A AIT/1 (Q\ 

U.U3Z4 (5 j 


03 


f\ f\A "7*7 /n\ 

0.0477 (9) 


A AO*7 1 /1 ">\ 

0.0871 (12) 


A A A A*7 / 1 T\ 

0.0997 (13) 


A AA C A /A\ 

-0.0059 (9) 


A A 1 ZZA {(\\ 

-0.0160 (9) 


A AC A^> /in 

0.0502 (11) 


04 


0.0359 (8) 


0.0668 (10) 


0.0792 (11) 


-0.0008 (7) 


-0.0064 (7) 


0.0169 (8) 


SI 


0.0359 (3) 


0.0853 (4) 


0.0685 (4) 


-0.0024 (3) 


-0.0014 (2) 


0.0156 (3) 


S2 


0.0343 (3) 


0.0880 (5) 


0.0729 (4) 


0.0059 (3) 


-0.0003 (2) 


0.0073 (3) 


Nl 


0.0350 (9) 


0.0705 (12) 


0.0563 (10) 


-0.0002 (8) 


0.0024 (7) 


0.0110(9) 


N2 


0.0359 (9) 


0.0640(11) 


0.0558 (10) 


0.0012(8) 


0.0006 (7) 


0.0089 (8) 



Geometric parameters (A, °) 








CI— C2 


1.361 (3) 


C13— C14 


1.392 (3) 


CI— SI 


1.701 (2) 


C14— C15 


1.382 (3) 


CI— HI 


0.9300 


C14— H14 


0.9300 


C2— C3 


1.430 (3) 


CI 5— N2 


1.332 (3) 


C2— C5 


1.451 (3) 


C15— H15 


0.9300 


C3— C4 


1.351 (3) 


CI 6— N2 


1.328 (3) 


C3— H3 


0.9300 


C16— C17 


1.380(3) 


C4— SI 


1.703 (3) 


C16— H16 


0.9300 


C4— H4 


0.9300 


C17— H17 


0.9300 


C5— C6 


1.324 (3) 


C18— C19 


1.362 (3) 


C5— H5 


0.9300 


CI 8— S2 


1.699 (2) 


C6— C7 


1.478 (3) 


C18— H18 


0.9300 


C6— H6 


0.9300 


CI 9— C20 


1.423 (3) 


C7— Ol 


1.207 (2) 


CI 9— C22 


1.456 (3) 


C7— 02 


1.318 (2) 


C20— C21 


1.367 (3) 


C8— Nl 


1.328 (3) 


C20— H20 


0.9300 


C8— C9 


1.385 (3) 


C21— S2 


1.705 (3) 


C8— H8 


0.9300 


C21— H21 


0.9300 


C9— C10 


1.383 (3) 


C22— C23 


1.315 (3) 


C9— H9 


0.9300 


C22— H22 


0.9300 


C10— Cll 


1.395 (3) 


C23— C24 


1.479 (3) 


C10— C13 


1.485 (2) 


C23— H23 


0.9300 


Cll— C12 


1.380 (3) 


C24— 03 


1.208 (3) 


Cll— HI 1 


0.9300 


C24— 04 


1.315 (3) 


C12— Nl 


1.330 (3) 


02— H2 


0.8200 


C12— H12 


0.9300 


04— H4A 


0.8200 


C13— C17 


1.386 (3) 






C2— CI— SI 


112.31 (16) 


C15— C14— C13 


119.4 (2) 


C2— CI— HI 


123.8 


C15— C14— H14 


120.3 


SI— CI— HI 


123.8 


C13— C14— H14 


120.3 
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pi pi pi 
CI — C2 — C3 


1 1 n n"7 P1 o\ 
HU.y / (lo) 


pi pi pc 
CI — C2 — CD 


111 fl pi o\ 

122. Dl (lo) 


pi pi pc 
C3 — C2 — CD 


11/ ci P 1 Q\ 

126. D2 (lo) 


P/1 PI PI 

C4 — C3 — C2 


iiii pi\ 
113.3 (2) 


p/i pi in 
C4 — C3 — H3 


i n a 
Hi A 


PI PI HI 

Cz — C3 — Hi 


1 n a 
Hi A 


pi p/i c 1 
C3 C4 b 1 


111 11 P 1 1\ 
111.33 '1 /) 


pi p/i u/i 
C3 — C4 H4 


1 0/1 1 

124.3 


C 1 P/1 U/1 

M — C4 H4 


11/1 i 
124.3 


p/: pc pi 
Co — CD — Cz 


n/ /n p 1 o\ 
120. OU (10) 


p/: pc uc 
CD — CD — HD 


1 1 a n 
116. / 


PI pc uc 
Cz — CD — HD 


11/1 
116./ 


pc p/; pi 
CD — Co — C / 


111 11 P 1 Q\ 

III. 11 (lo) 


pc p/: \j£ 
CD — Co — Ho 


1 1 n a 

ny.4 


PI P/C U£ 

C / — Co — Ho 


1 1 n a 

ny.4 


pi f ' ~~i pi 
Ul — C/ — Uz 


111 11 P 1 0\ 

lli.li (lo) 


pi pi p/: 
Ul — C/ — Co 


11/1 1 C P 1 Q\ 

124. 3D (lo) 


pi pi p/: 
Ul — C / — Co 


111 /ii pi i\ 
1 12.42 (1 /) 


\n po pn 

jn i — ca — cy 


1 n c pi\ 
123. D (2) 


\r1 PQ UO 

JN 1 — Co — Ho 


HOT 

no.3 


pn pc uo 
cy — Co — Ho 


1 1 O 1 

115.3 


pin po 

c i u — cy — Co 


HQ 1 p1\ 

i iy. / (2) 


pin rn un 

c i o — cy — Hy 


1 in 1 
12U.1 


po pn un 

Co — cy — Hy 


1 in 1 
12U.1 


pn pin p 1 1 
cy — CIO — Cll 


1 i / /r-7 pi o\ 

llo.o/ (lo) 


po nn p 1 1 

cy — c i u — c i j 


1 11 £1 ( 1 Q\ 

122.03 (lo) 


P11 pin p i i 

CI 1 — CIO — CI 3 


iin /cn n oi 

120. oy (lo) 


pn pii pin 
C12 — Cll — CIO 


1 1 n c Pi\ 
liy.D (2) 


pn pii ui i 
Clz — Cll — HI 1 


1 in i 
12U.3 


pin pii ui i 
C1U — Cll — HI 1 


1 in i 
12U.2 


TvT 1 PI 1 P 1 1 

N 1 — C 1 2 — C 1 1 


in £. pi\ 
123.0 (2) 


Nl— C12— H12 


118.2 


Cll— C12— H12 


118.2 


C17— C13— C14 


116.54(18) 


C17— C13— CIO 


121.64 (18) 


C14— C13— CIO 


121.82 (18) 



"\T1 PI C p 1 A 

JN2 — C1D — C14 


i n /; Pi\ 
123.6 (2) 


Ml pi f ul C 

JN2 — C1D — HID 


1 1 O 1 

no.2 


pii pK UK 

C 14 — C 1 D — H 1 D 


1 1 O 1 

110.2 


Ml p]/ P 1 1 

JN2 — C16 — CI / 


i n i Pi\ 
123.3 (2) 


Ml pi/ UU 

JN2 — C16 — H16 


1 1 O 1 

no.3 


pn pi/ ui/ 
C 1 / — C 1 6 — H 1 6 


1 1 O 1 

118.3 


pi/ pn pii 
C16 — CI / — C13 


1 in 1 P1\ 
12U.1 (2) 


P1/ P 11 Ul 1 

C16 — CI / — HI / 


1 in n 
12U.U 


pn pn un 
C 1 3 — C 1 / — H 1 / 


1 in n 
12U.U 


pin pio ci 
Ciy — C18 — a 2 


111 /;i P1 q\ 
112.62 (lo) 


pin pio uio 
Ciy — Clo — Hlo 


i n i 
123. / 


C1 pi o ui o 
i>l — C I o — H I o 


1 n i 
123. / 


pio pin pin 
C 1 8 — C 1 y — C2U 


111 n P1 n\ 
111.2/ (iy) 


pio p 1 n pn 
C 1 8 — C I y — C22 


1 n a Pi\ 
123.4 (2) 


pin pin pii 
C2U — C 1 y — C22 


11/ Tr / 1 n\ 

12D.3D (iy) 


pii pin pin 

C2 1 — C20 — c i y 


1 1 1 O P1\ 

112.8 (2) 


pn pin uin 
C2 1 — C2U — H2U 


i n /; 
123.6 


pin pin uin 
C 1 y — C2U — H2U 


1 n £. 
123.6 


pin pn ci 
C2U — C2 1 — til 


111 in P1 o\ 
111.2y (lo) 


pin pii ui 1 
C2U — C2 1 — H2 1 


1 1/1 A 

1 24 .4 


C 1 PII Ul 1 

ill — C2 1 — H2 1 


1 1/1 A 

1 24 .4 


pn pii pin 
C23 — C22 — C 1 y 


1 1C 1 P1\ 

12D. / (2) 


pn pii un 
C23 — C22 — H22 


1111 
11 /.I 


pin pii un 
C 1 y — C22 — H22 


1111 
11 /.I 


pii pii pi/i 
C22 — C23 — C24 


1 i/i n pi\ 
124. y (2) 


pn pn un 
C22 — C23 — H23 


111/ 
11 /.6 


pi/i pn un 
C24 — C23 — H23 


117.6 


pi pi/i r\A 
U3 — C24 — U4 


ii/i i pi\ 

124.2 (2) 


pi pi/i pn 
U3 — C24 — C23 


ill /; po\ 
121.6 (2) 


p/i pi/i pn 
U4 — C24 — C23 


11/1 ic pi o\ 

114.2D (lo) 


PI PI Ul 

C / — VI — H2 


109.5 


C24— 04— H4A 


109.5 


CI— SI— C4 


92.12 (11) 


C18— S2— C21 


91.96 (11) 


C8— Nl— C12 


117.01 (18) 


C16— N2— C15 


117.01 (18) 



Hydrogen-bond geometry (A, °) 

D—H-A D — H H-A D—A D—H-A 

02— H2-N1 1 0.82 1.86 2.668 (2) 168. 

04— H4A-N2" 0.82 1.87 2.684 (2) 174. 

Symmetry codes: (i) x+l,y, z; (ii) x-l,y, z. 
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Fig. 2 
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